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Ab stract: In tro duc tion: Tu mor sur gery wit hin el -
o qu ent ar e as re p re sents a for mi da ble chal len ge and the
use of elec tri cal cor ti co-sub cor ti cal sti m u la tion map -
ping (ESM), al lows to lo ca l i ze sen so ri mo tor and lan -
gu a ge ar e as and pat h ways. Our aim is to po int out met -
h o d o lo g i cal is su es of ESM and its im pact on out co me
at the light of a pro spec ti ve anal y sis of a two-in sti tu -
tion se ri es of 159 pa ti ents with le si ons in vol v ing el o -
qu ent ar e as with a lengthy fol low up.
Ma te rial and Met h ods: All pa ti ents op e r a ted on
for le si ons in vol v ing el o qu ent ar e as be t we en May
2000 and May 2010 at the Ne u ro sur gi cal De part ment
of the Ne u ro lo g i cal and Ne u ro sur gi cal Ho s pi tal “P.
Wert he i mer” in Lyon (Fran ce) and at the Ne u ro sur gi cal 
De par te ment of the Uni ver sity Ho s pi tal in Ca tan za ro
(It aly), we re en rol led pro spec ti vely in our study.
Re sults: Of 159 con se c u ti ve pa ti ents, 141 of them 
un der went sur gi cal re mo val of the le sion with the aid
of elec tri cal cor ti co-sub cor ti cal sti m u la tion map ping
in te gra ted in a set ting of in tra o pe ra ti ve lo ca l i za tion of
an a to mic land marks for el o qu ent ar e as. 
For the re ma i n ing 18 pa ti ents ESM was not de e -
med use ful or fe a si ble: 15 pa ti ents re ce i ved a bi opsy
and 3 pa ti ents re ce i ved tu mor de bul king un der ge n e ral
an es t he sia.
For pa ti ents op e r a ted with ESM, it was pos si ble to 
ac hi e ve a gross to tal re mo val of the le sion in 67,4% of
ca ses (95 pa ti ents). One pa ti ent died in the im me di a te
po st o p e r a ti ve pe riod for a pul mo nary em bo lism. At a
to tal mean fol low-up of 62.8 months 78 pa ti ents we re
ali ve, 62 of which we re re cur ren ce free and had a KPS
of 70% or mo re, whi le the ot her 80 pa ti ents had a mean
sur vi val ti me of 23.9 months, with a mean high qu a l ity
sur vi val pe riod (KPS≥ 70) of 21.6 months.
Di s cus sion and Con clu sion: In tra o pe ra ti ve elec -
tri cal lan gu a ge and mo tor map ping, when fe a si ble and
in di ca ted, con si s tently lo ca l i zes el o qu ent cor ti cal ar e as 
and sub cor ti cal pat h ways and al lows to set the tu mor
re sec tion bo un d a ri es ac cor d ing to fun c ti o nal li m its,
with a fa vo r a ble im pact on sur vi val and qu a l ity of li fe.
In te gra tion of ne u ro fun cti o nal da ta with an a to mic
land marks is no ne t he less use ful to ex pe di te the sur gi -
cal pro ce du re and im pr o ve spe c i fi c ity and sen si bi l ity
of fun c ti o nal map ping.
Key words: elec tri cal sti m u la tion map ping, fun c -
ti o nal map ping, awa ke sur gery, el o qu ent ar e as, su pra -
ten to rial tu mors, gli o mas, ex tent of re sec tion.
IN TRO DUC TION
Pre-op e r a ti ve as ses s ment of sa fe tu mor re mo val
for le si ons de e med to in vol ve el o qu ent ar e as on the ba -
sis of pu re an a to mic cri te ria is fre qu ently im pre ci se (1)
and may lead to re ject sur gery or to un due in com ple te
tu mor re sec ti ons. As a mat ter of fact, true in fil tra tion of 
cor ti cal sen so ri mo tor and lan gu a ge ar e as is not a fre qu -
ent fin d ing (2). Two fac tors con cur in de ter mi n ing this
si t u a tion: the ce re bral pla s ti c ity, which in du ces a fun c -
ti o nal re s ha p ing wit hin the in fil tra ted brain, and the ex -
tre me in di vi d ual va ri a bi l ity of lo ca tion of fun c ti o nal
ar e as (3, 4). Pre- and in tra o pe ra ti ve brain map ping tec -
h ni qu es ha ve been de ve l o ped in or der to lo ca t ing and
thus pre ser v ing fun c ti o nal tis sue du r ing sur gery in el o -
qu ent ar e as. In tra o pe ra ti ve met h ods ha ve the ad van ta -
ge to re pro du ce mo re pre ci sely the spa tial di s tri bu tion
of fun c ti o nal cir cu its along with the ir tem po ral va ri a -
tion in re spon se to the pre s en ce as well as the re mo val
of the le sion (5–8). He re we re port our ex pe ri en ce of
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ap pli ca tion of in tra o pe ra ti ve cor ti cal and sub cor ti cal
map ping by di rect ESM du r ing sur gery of a wi de va ri -
ety of le si ons in vol v ing sen so ri mo tor and lan gu a ge ar -
e as, with em p ha sis on the tec h ni que, its ap pli ca ti ons
and use ful ness.
MA TE RIAL AND MET H ODS
All pa ti ents op e r a ted on for le si ons in sen so ri mo -
tor and lan gu a ge ar e as be t we en May 2000 and May
2010 at the Ne u ro sur gi cal De part ments of Lyon, Fran -
ce and Ca tan za ro, It aly, we re en rol led in the study. Pre -
o p e r a ti ve and im me di a te po st o p e r a ti ve cli n i cal and ra -
di o lo g i cal da ta we re col lec ted pro spec ti vely. Cli n i cal
and ra di o lo g i cal po st o p e r a ti ve fol low-up was do ne at
3, 6, and 12 months and yearly or at ag gra va tion the re -
af ter. He mi sp he ric do m i nan ce was de ter mi ned by the
Ed in burgh Han d ed ness In ven tory Test and, in ca ses of
am bi g u o us lan gu a ge la te ra li za tion, by fun c ti o nal mag -
ne tic re s o nan ce im a g ing (fMRI) (9). Cli n i cal eva l u a -
tion in clu ded ba se li ne and po st o p e r a ti ve 3 and 6 month 
and yearly ne u ropsycho lo gi cal as ses s ment (Mon -
treal-To u lo u se pro to col, MT-86, and Bo ston Di ag no s -
tic Ap ha sia Ex a m i na ti on) for pa ti ents har bo r ing ce re -
bral tu mors lo ca ted in an area ex pec ted to be in vol ved
in spe ech. The ex tent of sur gi cal re mo val was ap pre ci -
a ted on a T1 con trast — en han ced MRI for HGG or T2
MRI for LGG, per for med in 50 ca ses wit hin 2 po st o p e -
r a ti ve days and in all ca ses 2 to 3 months af ter sur gery.
A com ple te re mo val was de fi ned as no tu mor re s i due,
whi le for sub to tal or par tial re mo val the re si d ual tu mor
vo l u me was re spec ti vely hig her or lo wer than 10 cc.
The adju vant tre at ment for gli o mas as well as for me ta -
s ta sis was qu i te ho mo ge ne o usly ad mi n i s te red: all
HGG had po st o p e r a ti ve ra di o t he r apy and che mo t he r -
apy (Te mo zo lo mi de or PVC), whi le LGG un der went
ra di o t he r apy only at re cur ren ce. Pa ti ents with me ta s ta -
sis we re tre a ted with po st o p e r a ti ve who le brain ra di o t -
he r apy or fo cal be am ra di o t he r apy and che mo t he r apy.
At the ad mis sion ca re ful ex pla na ti on of the pur po -
se, mo da l i ti es and risks of the pro ce du re was gi ven to
the pa ti ents and/or the ir tu tors. Writ ten in for med con -
sent was ob ta i ned from all pa ti ents par ti c i pa t ing to the
study or pa ti ents’ tu tors.
Tec h ni que of Elec tri cal Sti m u la tion
 Map ping (Fi g u re 1 and 2)
Lan gu a ge map ping was un der ta ken whi le pa ti ents 
we re awa ke af ter ha v ing an es t he ti zed the scalp and
tem po ral mu s cle by a mix tu re of 2% lidocaVne and
0.25% marcaVne. Du r ing re a l i za tion of the cra ni o -
tomy a mild in tra ve no us se da tion (pro po fol) and an al -
ge sia (al fen tanyl or re mi fen tanyl) was ad mi n i s te red to
the pa ti ents and was di s con ti n ued du r ing lan gu a ge
map ping. For mo tor map ping in the non-do m i nant he -
mi sp he re pa ti ents un der went sur gery af ter in duc tion of 
ge n e ral an es t he sia. Sho rt ac t ing re la x ants and pro po fol 
we re used but not cu ra ri sa tion ne i t her bar bi tu ra tes nor
vo l a ti le an es t he tic agents (ha lot ha ne, en flu ra ne and
iso flu ra ne), which de c re a se in a do se-de pen d ent man -
ner the cor ti cal ex ci t a bi l ity to elec tri cal sti m u la tion
(10). A con stant cur rent sti mu la tor (Oje mann, OC SI,
Ra di o nics, USA and Nim bus cor ti cal sti mu la tor, New -
me dic, To u lo u se, Fran ce) de li v e red bip ha sic squ a -
re-wa ve elec tri cal sti m u la ti ons thro ugh a bi po lar sil ver
ball elec tro de with the ex tre m i ti es 5 mm apa rt. The
cur rent pa ra m e ters we re fi xed as fol lows: du ra tion 1
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Fi g u re 1 A, B: FLA IR 3D MPRA GE MRI of a 48 y.o.
man pre sen t ing with par tial do m i nant tem po ral lo be
se i zu res. MRI shows a low gra de gli o ma in fil tra t ing
the left tem po ral lo be ex ten d ing to the me sial tem po ral
struc tu res. C, D: Po st o p e r a ti ve FLA IR 3D MPRA GE
MRI shows su pra-to tal re mo val of the le sion, ex ten ded
to the un cus (black as te r isk) and pa rahyppo cam pal
gyrus (black ar row he ad).Whi te ar row he ad shows the
po ste ro la te ral li mit of the re sec tion at the la t e ral ed ge
of the tem po ral horn of the la t e ral ven tri c le, who se sti -
m u la tion trig ge red ano mia. E: in tra o pe ra ti ve pic tu re
sho w ing the ex po su re of the left tem po ral lo be from the
po le (whi te as te r isk) up to the the mid dle tem po ral lo -
be. Yel low tags show cor ti cal lan gu a ge si tes on the su -
pe r i or (whi te stars) and mid dle (black stars) tem po ral
gyrus, who se di rect elec tri cal sti m u la tion trig ge red se -
man tic pa rap ha si as. Green tag is on the in fe ri or tem -
po ral gyrus, whe re di rect elec tri cal sti m u la tion trig ge -
red ano mia. Black ar row he ads shows the ho r i zon tal
seg ment of the sylvian fis su re. F: In tra o pe ra ti ve pic tu -
re sho w ing the re sec tion ca v ity, which re spects the cor -
ti cal lan gu a ge si tes. Whi te ar row he ad in di ca tes the
sub cor ti cal whi te mat ter of the ar cu a te fa sci cu lus and
cor re sponds to the si te on Fig. 1 D, who se sti m u la tion
trig ge red ano mia.
msec sin gle-pha se; pul se fre qu ency of 60 Hz; am pli tu de 
from 1 to 10 mA. Sti m u la tion was ini ti a ted at the cen tral
gyrus with a low cur rent (1 mA) and was in cre a sed of
0.5 mA to 1 mA un til the ef fec ti ve cur rent thres h old, suf -
fi ci ent to in du ce cli n i cally ev i dent in vo l un tary mo ve -
ments of a re stric ted body part (fa ce, fin gers, hand, fo re -
arm, tight, leg or fo ot), was re ac hed. The sa me cur rent
thres h old was used for lan gu a ge and sen sory map ping.
EcoG was al ways in use du r ing lan gu a ge map ping and
in the first 10 ca ses of mo tor map ping in ge n e ral an es t -
he sia. The pur po se of its use was to es ta b lish the hig h est
cur rent in ten sity that did not trig ger af ter-dis char ges,
which are ex pres si on of cur rent spread. Lan gu a ge te st -
ing en com pas sed sys te m a t i cally co un t ing (from 1 to 10
and back) when sti m u la t ing fron to pa ri e tal pe risylvian
and pre mo tor/sup ple men tary mo tor ar e as. The se ar e as
whe re sti m u la ted first, in or der to iden tify si tes of spe -
ech ar rest/anar thria. The DO 80 test was used for de no -
m i na tion by ask ing the pa ti ent to na me 80 drawn pic tu -
res se lec ted ac cor d ingly to de mo grap hic va ri a bles such
as le vel of ed u ca tion, age and sex. We al so ad ded a sen -
ten ce re a d ing task when te st ing po s te ri or tem po ral and
pa ri e tal ar e as. All sti m u la ted cor ti cal si tes we re la be led
by ste r i le tags, co l o red or mar ked dif fe r ently to di s tin gu -
ish the si tes for whom ESM ca u sed spe ech dis tur ban ce
(spe ech ar rest/anar thria, ano mia, pa rap ha si as, per se ve -
ra ti ons, com pre hen sion tro u bles) (Fig. 1), mo tor (mu s -
cle con trac ti ons) (Fig. 2) or sen sory (dysa est he si as) re -
spon se or no re spon se at all. Sub cor ti cal sti m u la tion,
which was al ter na ted with tu mor re sec tion, was then
per for med at in ten sity 1 to 2 mA hig her than the one ef -
fec ti ve to eli cit mu s cle con trac tion or spe ech tro u bles on 
the cor tex. The use of high sti m u la tion in ten si ti es is sa -
fer sub cor ti cally than on the cor tex, as the re are no risks
of pro vo k ing in tra o pe ra ti ve se i zu res whi le sti m u la t ing
whi te mat ter (11–13). 
Pa ti ents pre sen t ing pre o p e r a ti vely with a se ve re
de f i cit had in tra o pe ra ti ve elec tromyography us ing a
three to eight chan nels Key Po int elec tromyograp her
(Eb ne u ro Ita lia) with a band pass of 29 to 1000 Hz and
a dis play gain of 200 V/di vi sion (14). Sti m u la tion was
ap plied ran domly to the cor tex ne ar or over ly ing the le -
sion, to the brain pa ren chyma in fil tra ted by the tu mor
and to the cor ti cal si tes li kely to be in vol ved in sen so ri -
mo tor or lan gu a ge fun c tion, avo i d ing to sti m u la te con -
se c u ti vely cor ti cal si tes dis tant less than 2 cen ti me ters
(cm), so as to elu de the la tency ef fect.
Anal y sis pa ra m e ters and Sta ti s tics
Sur vi val was cal cu la ted as the ti me in ter val in
months from the sur gi cal in ter ven tion to de ath or the
da te of the last fol low-up. Sur vi val cur ves we re con -
struc ted us ing the met hod of Ka plan and Me i er. Age at
di ag no sis and pre o p e r a ti ve KPS sco re, as well as the
World Heal Or ga ni sa tion (WHO) gra de and the ex tent
of sur gi cal re sec tion we re an a lyzed for the ir im pact on
sur vi val us ing a mul ti va ri a te anal y sis mo del of lo gi s tic
re gres sion with bac k ward eli m i na tion. Sta ti s ti cal anal -
y sis was per for med us ing (PASW Sta ti s tics 18) (SPSS
Inc., Chi ca go, IL, USA). A p va lue < 0.05 was con si d e -
red to be sta ti s ti cally sig ni f i cant. We al so cal cu la ted
the re l a ti ve risk of sur vi val at 4 years for LGG and at 1
year for HGG, stra t i fy ing it ac cor d ing to the ex tent of
re mo val. ESM was not con si d e red as a po ten tial prog -
no s tic fac tor. The re a son was that the pa ti ents that did
not un der go ESM we re a highly se lec ted po p u la tion.
RE SULTS
One hun dred fifty ni ne con se c u ti ve pa ti ents har -
bo r ing a le sion lo ca ted in or ne ar sen so ri mo tor and/or
lan gu a ge ar e as re fer red to both Ne u ro sur gi cal De part -
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Fi g u re 2 A, B, C: Pre o p e r a ti ve T1-we ig hted ga d o li n i um
en han ced MRI of a 58 y.o. man with a left tem po ral lo be
gli o bla sto ma. The le sion dis pla ces po s te ri orly the cen tral 
sul cus (whi te ar row he ad). D, E, F: Po st o p e r a ti ve T1-we -
ig hted ga d o li n i um en han ced MRI shows a gross to tal re -
mo val and no con trast en han ce ment. The sur gi cal ca v ity
is flush with the pre cen tral sul cus la t e r ally (black ar row -
he ad). The pri mary mo tor area on the cen tral gyrus is re -
spec ted (whi te as te r isk), which cor re sponds to the elec tri -
cal sti m u la tion map ping fin d ing. G: in tra o pe ra ti ve pic tu -
re, sho w ing an he m o r r ha gic le sion in fil tra t ing the left
pre mo tor cor tex (whi te ar row he ad) and ex ten d ing in to
the sub cor ti cal whi te mat ter po s te ri orly. The blue tag
cor re sponds to the pri mary mo tor area, who se elec tri cal
sti m u la tion trig ge red the fle xi on of the right fo re arm, H:
in tra o pe ra ti ve pic tu re, sho w ing the re sec tion ca v ity, that
re spects the pri mary mo tor area and go es flush with the
pre cen tral sul cus la t e r ally (wit he ar row he ad). M in di ca -
tes the mi dli ne, P is the fron tal po le.
ments in Lyon, Fran ce, and Ca tan za ro, It aly, be t we en
May 2000 and May 2010 we re pro spec ti vely en rol led
in the study. The re we re 73 wo men and 86 men, aged
18 to 81 years, with a mean age of 58 years. Sixty-six
pa ti ents har bo red a le sion lo ca ted in the do m i nant he -
mi sp he re in or next to lan gu a ge ar e as, whi le 93 pa ti ents 
had le si ons clo se to or in fil tra t ing sen so ri mo tor pat h -
ways of the non-do m i nant he mi sp he re. One hun dred
ele ven (69.8%) pa ti ents pre sen ted with par tial or se c -
on d a rily ge n e r a l i zed se i zu res. Cli n i cal on set was mar -
ked in 38 pa ti ents by lan gu a ge tro u bles, which we re re -
gres si ve in the ma jo r ity of ca ses (24 out of 38). 6 pa ti -
ents did not un der go awa ke cra ni o tomy be ca u se they
ex hi b i ted sig ni f i cant pha sic tro u bles, which wo uld ha -
ve hin de red in tra o pe ra ti ve lan gu a ge te st ing. The ot her
8 pa ti ents, pre sen t ing with mi nor spe ech dif fi cul ti es at
sur gi cal in ter ven tion, we re no ne t he less able to un der go 
in tra o pe ra ti ve qu e s ti o n ing ac cor d ing to pre o p e r a ti ve
lan gu a ge eva l u a tion. Ot her pre sen t ing symp toms we re
mo tor de f i cits (83 pa ti ents), that we re se ve re (no ac ti ve 
mo ve ments aga inst re si s tan ce) in 29 (36.1%), sen sory
de f i cits (20 pa ti ents), mild (41 pa ti ents) to se ve re (3 pa -
ti ents) in trac ra nial hy per ten sion, mne mo nic tro u bles
(11 pa ti ents), be ha v i o ral chan ges (12 pa ti ents), aste re -
og no sia (4 pa ti ents). Pre o p e r a ti vely, 52 pa ti ents with
in tra ce re bral tu mors lo ca ted in an area ex pec ted to be
in vol ved in spe ech we re sub mit ted to ne u ropsycho lo -
gi cal eva l u a tion (Mon treal-To u lo u se pro to col and Bo -
ston Di ag no s tic Ap ha sia Ex a m i na ti on) to pro vi de an
ex ha u s ti ve as ses s ment of lan gu a ge fun c ti ons. The pa ti -
ents’ pre o p e r a ti ve sta tus was de ter mi ned ac cor d ing to
KPS and was high (75.8%) in av e r a ge, even if the re
we re 40 pa ti ents with a KPS < 70. All pa ti ents un der -
went ga d o li n i um-en han ced MRI us ing a 1.5 Te sla MR
scan ner (Mag ne tom Im pact Ex pert, Si e mens, Er lan -
gen, Ger many). One hun dred forty one pa ti ents un der -
went sur gi cal re mo val of the le sion whi le us ing cor ti -
co-sub cor ti cal ESM of lan gu a ge and sen sory-mo tor
fun c ti ons whi le awa ke (50 pa ti ents) or ESM of mo tor
pat h ways in ge n e ral an es t he sia (91 pa ti ents). Of the 18
pa ti ents op e r a ted on wit h o ut the sup port of ESM, 2 pa -
ti ents with do m i nant tem po ral lo be le si ons had to be
in tu ba ted due to se ve re ag i ta tion be fo re the com ple tion 
of fun c ti o nal car to g ra phy and un der went an open bi -
opsy. Thi r teen ot her pa ti ents un der went a ste re o tac tic
bi opsy and not a sur gi cal re mo val for the fol lo w ing re -
a sons: se ve re ap ha sia (6 pa ti ents), bi la t e ral fron tal lo be 
and cor pus cal lo sum in fil tra tion of a HGG (3 pa ti ents),
ba sal gan glia and brain stem in fil tra tion (2 pa ti ents),
gli o ma to sis ce re bri (1 pa ti ent) and re fu sal of awa ke
sur gery (1 pa ti ent). The three re ma i n ing pa ti ents un -
der\pard -went an emer gent tu mor de bul king for im -
pen d ing tem po ral lo be her ni a tion due to a HGG in fil -
tra t ing left tem po ral lo be. The sa me cur rent thres h old
was ef fec ti ve in dis rup t ing lan gu a ge (eli c i t ing spe ech
ar rest/anar thria, ano mia, pa rap ha si as, per se ve ra tion,
lack of un der stan d ing) and trig ge r ing seg men tal mo ve -
ments and dysa est he si as in most of our pa ti ents. ECoG, 
used du r ing lan gu a ge map ping in the first 10 ca ses of
mo tor map ping un der ge n e ral an es t he sia, ne ver de tec -
ted a spread of cur rent to cor ti cal ar e as re mo te from the 
sti m u la ted si te when the cur rent in ten sity did not ex ce -
ed the thres h old trig ge r ing mo tor re spon ses (be t we en
1.5 and 5 mA). No ne t he less, we fo und ECoG use ful
when elec tri cal sti m u la tion for lan gu a ge map ping of
do m i nant pe risylvian or dor so me dial pre fron tal cor tex
was ne g a ti ve at the sa me in ten sity edu c ing mo tor re -
spon ses. For the se pa ti ents, 10 out of the 50 op e r a ted
whi le awa ke for le si ons in spe ech ar e as, lan gu a ge was
te sted whi le sti m u la t ing cor tex at cur rent am pli tu de set 
0.5 to 1 mA lo wer than the one trig ge r ing af ter dis char -
ges. For all the se 10 pa ti ents lan gu a ge was dis rup ted
us ing a cur rent in ten sity 1 to 3 mA hig her than that edu -
c ing mu s cle twitches. Twenty-one pa ti ents out of thi rty 
pre sen t ing pre o p e r a ti vely with a se ve re de f i cit had in -
tra o pe ra ti ve elec tromyography us ing a three to eight
chan nels Key Po int elec tromyograp her (Eb ne u ro Ita -
lia) with a band-pass of 29 to 1000 Hertz and a dis play
gain of 200 V/di vi sion (14).
For all 50 pa ti ents op e r a ted on whi le awa ke it was
pos si ble to iden tify at le ast one ESM po s i ti ve lan gu a ge
si te. Cor ti cal ESM iden ti fied mo tor strip in 112 out of
119 pa ti ents (94.1%) for whom it was used and, no ta -
bly, in 25 out of 29 pa ti ents pre sen t ing with se ve re mo -
tor de f i cits. Be si des the se 5 se ve rely pa re tic pa ti ents,
ESM fa i led to evo ke mo tor re spon ses al so in two ca ses
of post-cen tral low gra de tu mors, in which mo tor strip
was not in clu ded in to the cra ni o tomy. As a mat ter of
fact, the se two pa ti ents did not show any new de f i cit
po st o p e r a ti vely. Sub cor ti cal ESM was ap plied in 99
pa ti ents for lo ca t ing mo tor pat h ways, as we did not em -
ploy this pro ce du re when the le sion bo un d a ri es we re
not flush with the pri mary mo tor area or an a to m i cally
dis tant from in ter nal cap su le, as seen in twenty pa ti -
ents. In six pa ti ents ESM was not use ful, 5 of them we -
re se ve rely pa re tic pre o p e r a ti vely and one was ag gra -
va ted by the sur gi cal vi o la tion of sub cor ti cal py ra m i dal 
pat h ways in co ro na ra di a te. We em ployed sys te m a t i -
cally sub cor ti cal lan gu a ge map ping in the last 29 pa ti -
ents op e r a ted on awa ke, whi le for the first 20 pa ti ents
of our se ri es we al ways re spec ted a se cu rity li mit of 1
cm from the el o qu ent cor tex. No ne t he less, 3 out of the -
se had a po st o p e r a ti ve per ma nent pha sic im pa ir ment,
due to in ter rup tion of sub cor ti cal lan gu a ge pat h ways,
as shown on po st o p e r a ti ve MRI. In tra o pe ra ti ve se i zu -
res oc cur red in 15 pa ti ents, even if ca u ti o us sti m u la tion 
us ing low cur rent thres h olds (be t we en 1.5 and 7 mA)
was used in the se ca ses, with no po st o p e r a ti ve con se -
170 Sig no rel li Fran ce sco, Ma du ri Ro dol fo, Chir chi glia Do me ni co, Guyotat Jac qu es
qu en ces. For the 141 pa ti ents op e r a ted on us ing in tra o -
pe ra ti ve ESM, a mac ro sco p i cally com ple te re mo val of
the tu mor was car ried out in 95 ca ses (67.4%), whi le in
the ot her 46 ca ses tu mor in va sion of fun c ti o nal cor tex
and sub cor ti cal fun c ti o nal pat h ways li m i ted re sec tion.
For what con cerns the 18 HGG pa ti ents op e r a ted on
wit h o ut ESM, no to tal re mo val was car ried out but 15
bi op si es and 3 par tial re mo v als. Hi sto pat ho lo gi cal fin -
d ings gra ded ac cor d ing to the WHO cen tral bner vo us
sys tem tu mors clas si fi ca tion (15)we re as fol lows: 28
low gra de astr ocyto mas, 10 low gra de mi xed gli o mas,
16 low gra de and 20 ana pla stic oli go den dro gli o mas, 1
gli o sar co ma, 13 me ta s ta sis, 5 pylo ci tic astr ocyto mas,
one re cur rent ependymo ma, 35 gli o bla sto mas, 13 ana -
pla stic astr ocyto mas, 2 dysem bri o pla stic ne u ro e pit he -
lial tu mor, 4 me nin gi o mas, 4 ar te ro ve no us mal for ma ti -
ons and 7 ca ver no mas. One pa ti ent died in the im me di -
a te po st o p e r a ti ve pe riod for a pul mo nary em bo lism
and was ex clu ded from the study as con cerns sur vi val.
Im me di a te po st o p e r a ti ve ne u ro lo g i cal ag gra va tion oc -
cur red in 93 out of 141 ca ses op e r a ted on with ESM (66 
%). Tro u bles we re com ple tely re gres si ve wit hin 4 we -
eks in 75 pa ti ents, whi le 10 pa ti ents re co v e red com ple -
tely by the 3
rd
 po st o p e r a ti ve month and 11 pa ti ents
(7.8%) whe re de fi n i ti vely ag gra va ted in com pa r i son to 
the pre o p e r a ti ve pe riod. Ca u ses of de fi n i ti ve ag gra va -
tion we re the de ve l op ment of a po st o p e r a ti ve he ma to -
ma in 3 pa ti ents, cor ti co-sub cor ti cal in farc tion due to
da m a ge of MCA bran ches in 4 pa ti ents and in frin ge -
ment of sub cor ti cal fun c ti o nal pat h ways, as de ta i led
abo ve, in 4 pa ti ents. Ne u ro lo g i cal im pro ve ment, for
ex am ple im pro ve ment of at le ast 1 gra de of the Ox ford
5 ranks mo tor sca le, to ok pla ce be t we en 1 we ek and 6
months af ter in ter ven tion for 50 out of 83 pa ti ents pre -
sen t ing pre o p e r a ti vely with a pa re sis (60.2%), and in
14 out of 29 se ve rely di s a bled pa ti ents, whi le al so 12 of 
20 pa ti ents pre sen t ing with sen sory tro u bles im pr o ved
po st o p e r a ti vely. Mo re o ver, spe ech tro u bles im pr o ved
in 5 out of 14 pre o p e r a ti vely ap ha sic pa ti ents. Po st o p e -
r a ti ve im pro ve ment of mo tor and pha sic de f i cits re gar -
ded ex clu si vely pa ti ents op e r a ted on with the aid of
ESM. All sur vi v ing pa ti ents had a mi n i mum fol low-up
of 4 years. No pa ti ent was lost at fol low-up. At a to tal
mean fol low-up of 62.8 months 78 pa ti ents we re ali ve,
62 of which we re re cur ren ce free and had a KPS of
70% or mo re. Eighty pa ti ents died and had a mean sur -
vi val ti me of 23.9 months, with a mean high qu a l ity
sur vi val pe riod (KPS ≥ 70) of 21.6 months. Stra t i fy ing
the out co me ac cor d ing to hi s to l ogy and tu mor gra d ing, 
47 out of 54 LGG pa ti ents we re still ali ve at the last
check-up, with a mean sur vi val pe riod of 80.5 months
(52–120 months). The ra te of com ple te re sec tion for
LGG was 40.7% and no ne of the 22 LGG pa ti ents with
a com ple te re mo val dis plays a re cur ren ce to da te.
Twenty pa ti ents had a KPS of 70 or mo re, whi le 2 pa ti -
ents, op e r a ted on at the be gin ning of our ex pe ri en ce,
de ve l o ped he mi pa re sis due to the sur gi cal le sion of
sub cor ti cal pat h ways and to a po st o p e r a ti ve mid dle ce -
re bral ar tery in farc tion re spec ti vely. Among 32 LGG
pa ti ents that un der went sub to tal or par tial re mo val, 7
died, 5 with a par tial re mo val and 2 with a sub to tal re -
mo val, and had a mean sur vi val of 39.6 months with a
high qu a l ity sur vi val pe riod of 35.8 months. Among
them the re we re 3 pa ti ents who se spe ech fun c tion was
im pa i red by a sur gi cal in ter rup tion of sub cor ti cal pat h -
ways. The ot her 25 LGG pa ti ents we re ali ve at a mean
fol low-up of 78.7 months and 15 of them we re au to n o -
mo us. It is worth not h ing that all LGG pa ti ents had a
mi n i mum fol low-up pe riod of 4 years. At this end-po -
int the ex tent of re sec tion sig ni f i cantly cor re la tes with
sur vi val (p < 0.05): all 22 pa ti ents that un der went GTR
of the le sion sur vi ved (100% sur vi val ra te at 4 years),
whi le sur vi val ra tes at 4 years for sub to tal re mo v als
and par tial re mo v als we re re spec ti vely 90.5% and
54.5%. The re l a ti ve risk of sur vi val at 4 years for pa ti -
ents with GTR was 1.1 if com pa red with SR, 1.83 if
com pa red with PR and 1.28 if com pa red with both. For 
what con cerns HGG, to tal re sec tion ra te (74.5%) is
hig her com pa red to LGG be ca u se tu mor in fil tra tion of
el o qu ent si tes was a mo re ra re fin d ing. In our se ri es
the re are 5 long sur vi vors, with a mean sur vi val pe riod
of 67.2 months (64–72 months). One was an ana pla stic 
astr ocyto ma and 4 we re high-gra de oli go den dro gli o -
mas and all be ne fi ted of a GTR ac cor d ing to fun c ti o nal
li m its as lo ca ted by in tra o pe ra ti ve ESM. Three pa ti ents 
sho wed re cur ren ce in the fol low-up pe riod, which de -
ter mi ned a ne u ro lo g i cal im pa ir ment with loss of au to n -
omy (KPS < 70%). The ot her 46 pa ti ents tre a ted with
the aid of ESM had a mean sur vi val of 15.7 months
(0–29 months), with a high qu a l ity sur vi val pe riod of
14.1 months. Al so sur vi val of HGG pa ti ents was sig ni -
f i cantly cor re la ted with ex tent of re sec tion at 1, 2 and 4
years (p < 0.05): ra te of sur vi val at 1, 2 and 4 years for
to tal re mo v als we re re spec ti vely 94.7%, 21.0% and
13.1%, whi le for sub to tal re mo v als sur vi val ra te was
75% and 0% at 1 and 2 years re spec ti vely, and no pa ti -
ents that un der went par tial re mo val sur vi ved at 1 year.
The 18 pa ti ents with HGG op e r a ted on wit h o ut ESM,
all de ce a sed, had a mean sur vi val of 6.2 months. The
re l a ti ve risk of sur vi val at 1 year for HGG pa ti ents with 
TR was 1.26 if com pa red with SR. Among the 13 pa ti -
ents op e r a ted on for a me ta s ta sis, the re we re 3 long sur -
vi vors with a mean fol low-up of 67.3 months and one
dis played an ex tra-ce re bral tu mor re lap se. The ot her
10 pa ti ents with ce re bral me ta s ta sis had a mean sur vi -
val of 34.2 months (21–44 months). All the ot her 23
pa ti ents op e r a ted on for be nign tu mors or vas cu lar mal -
for ma ti ons we re ali ve at a mean fol low-up of 84.9
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months (57–120 months) and we re au to n o mo us wit h o -
ut re cur ren ce of the pre vi o usly re sec ted le sion. All sur -
vi vors we re se i zu re-free. Twenty-ni ne of 111 pa ti ents
pre sen t ing pre o p e r a ti vely with se i zu res di s con ti n ued
the ir an ti e pi lep tic drugs. They we re all 7 pa ti ents with
ca ver no mas, 3 out of 4 pa ti ents op e r a ted on for an ar te -
ro ve no us mal for ma tion, one pri m i ti ve ne u ro ec to der -
mal tu mor and all pylo ci tic pa ti ents, 3 out of 4 me nin -
gi o ma pa ti ents and 10 LGG pa ti ents. Fif teen ot her pa ti -
ents, one ar te ro ve no us mal for ma tion, one pri m i ti ve ne -
u ro ec to der mal tu mor and 13 LGG, had the ir tre at ment
ta pe red.
DI S CUS SION
Many au t hors ad vo ca te ag gres si ve sur gi cal re sec -
tion of in trin sic brain tu mors to len gthen sur vi val and
pre ser ve qu a l ity of li fe of pa ti ents (16–20). Yet, re sec -
tion of in trac ra nial le si ons in or clo se to sen so ri mo tor
and lan gu a ge ar e as re ma ins a tec h ni cal chal len ge and
car ri es risks of po st o p e r a ti ve ag gra va tion even tho ugh
no w a days pre-(6, 21, 22) and in tra o pe ra ti ve fun c ti o nal
map ping tec h ni qu es, that al low to lo ca te and re spect
el o qu ent si tes, con cur in lo w e r ing the se risks (6, 5, 8,
11, 20–22). El o qu ent si tes dis play a gre at in di vi d ual
va ri a bi l ity of lo ca tion and or ga ni za tion and the dis tor -
tion of nor mal ce re bral to po g ra phy en gen de red by
mass ef fect fur t her re du ces the re li a bi l ity of an a to m i cal 
land marks. Cur rently, the gold stan dard for lo ca t ing
cor ti co-sub cor ti cally sen so ri mo tor and lan gu a ge fun c -
ti ons is re p re sen ted by in tra o pe ra ti ve ESM (5, 11, 20).
The ap pli ca tion of in tra o pe ra ti ve cor ti co-sub cor ti cal
ESM al lows con duc t ing the re sec tion ac cor d ing to fun -
c ti o nal li m its, thus op ti mi z ing the qu a l ity of re mo val
for slowly gro w ing le si ons as well as high-gra de tu -
mors (23–30), all the whi le pre ser v ing the qu a l ity of li -
fe of pa ti ents. Our ex pe ri en ce abo ut the ap pli ca tion of
in tra o pe ra ti ve cor ti co-sub cor ti cal ESM pro vi des a fol -
low-up lengthy eno ugh to eva l u a te the im pact of the
tec h ni que on the sur vi val cur ve and qu a l ity of li fe of a
se ri es of pa ti ents op e r a ted on for a wi de va ri ety of in -
trac ra nial le si ons in vol v ing sen so ri mo tor and lan gu a ge 
ar e as. In our hands the ra te of mac ro sco p i cally com ple -
te tu mor re sec tion, 67.4% ove r all, fa vo r ably com pa res
with the one of ot her sur gi cal se ri es de a l ing with gli o -
mas in fil tra t ing non el o qu ent ar e as (31, 32) as well as
with ot her au t hors’ se ri es em ploy ing ESM as the fun -
da men tal tool for lo ca t ing fun c ti o nal tis sue (20, 26).
Ac tu ally, whi te mat ter sti m u la tion al lo wed us to lo ca te
and re spect sub cor ti cal lan gu a ge and sen so ri mo tor pat -
h ways and con sen ted to push sur gi cal re sec tion flush
with cor ti cal el o qu ent si tes and per form a re sec tion ac -
cor d ing to fun c ti o nal li m its, re mo v ing all in fil tra ted
tis sue aro und the le sion not sto r ing el o qu ent si tes (11,
33). As a mat ter of fact, the in tro duc tion of con ti n u ing
sub cor ti cal lan gu a ge map ping for the 29 most re cent
awa ke cra ni o tomy ca ses of our se ri es re p re sen ted a
ma jor im pro ve ment in our tec h ni que, com pa red to the
20 first ca ses for whom no sys te m a tic sub cor ti cal map -
ping was used, in terms of both to tal tu mor re sec tion
ra te (20 ca ses, 66.7% and 11 ca ses, 55%, re spec ti vely)
and per ma nent post-sur gi cal pha sic im pa ir ment (2 ca -
ses, 6.7%, and 4 ca ses, 20%, re spec ti vely). Thus, this
tec h ni cal bre ak thro ugh cor re la tes with an op ti mi za tion 
of re mo val of non fun c ti o nal in fil tra ted tis sue and a re -
du ced risk of po st o p e r a ti ve per ma nent pha sic im pa ir -
ment and in tro du ces a new prin ci ple in gli o ma sur gery,
ac cor d ing to whom the re sec tion li m its, pus hed up to
the very li mit of el o qu ent ar e as, are an a to mic as well as 
fun c ti o nal. We fo und to tal tu mor re sec tion to be a sta ti -
s ti cally sig ni f i cant pre dic tor of ei t her 4-year-sur vi val
in LGG and 1 year-sur vi val in HGG, in ac cor dan ce
with ot her au t hor’s da ta (18, 23), with no re cur ren ce
for LGG that we re com ple tely re sec ted. The the o re t i cal 
ex pla na ti ons of the cor re la tion of a bet ter out co me
with a com ple te re sec tion in ca se of LGG are as pla u si -
ble as dif fi cult to pro ve. The re duc tion of the mass ef -
fect is not li kely to ha ve an im me di a te po st o p e r a ti ve
cli n i cal im pact, as it is ra re that LGG pre s ent with in -
trac ra nial hy per ten sion, un li ke HGG. No ne t he less, re -
du c ing the con tin gent of tu mor cells at sea of ma lig -
nant tran s for ma tion and in fil tra tion of pri mary el o qu -
ent ar e as co uld dis play a be n e fi cial ef fect at a dis tan ce.
Ho w e ver, even if the pre ci se cli n i cal im pact of ra d i cal
re mo val of a LGG can be jud ged only in the long run,
the re are ar gu ments in fa vor of an early re sec tion, at di -
ag no sis, sin ce small pre o p e r a ti ve tu mor vo l u mes (< 10
cc), cor re la te with a lo wer risk of re cur ren ce (25). An -
ot her re a son for an early re sec tion in LGG pa ti ents is a
bet ter con trol of ep i lepsy if the hi s tory of se i zu res is
shor ter (28, 29). This has a po s i ti ve im pact on the qu a l -
ity of li fe of pa ti ents, as shown in our se ri es, whe re 44
out of 77 pa ti ents pre sen t ing with se i zu res from a le -
sion ot her than a HGG had the ir tre at ment di s con ti n ued 
or ta pe red. It is im por tant to no te that, the re was a hig -
her re sec tion ra te for HGG, com pa red to LGG, re spec -
ti vely 74.5% and 40.7%, which is in ac cor dan ce with
ot her au t hors’ da ta (20). The ex pla na ti on must be so -
ught in the fact that LGG are mo re in fil tra ti ve in na tu re
than ma lig nant gli o mas. The lat ter dis pla ce mo re than
in fil tra te fun c ti o nal ner vo us tis sue and, due to the ir
hig her growth ra te, wo uld in du ce a li m i ted pe ri tu mo ral 
fun c ti o nal re or ga ni za tion, which cor re la tes with the
fact that HGG pre s ent mo re fre qu ently with pre o p e r a ti -
ve de f i cits than LGG. ESM pro ved its use ful ness al so
when de a l ing with le si ons pre sen t ing ge n e r ally with
mo re a cle ar se p a ra tion from nor mal brain com pa red to 
in trin sic tu mors, such as me ta s ta sis (13), me nin gi o ma
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and vas cu lar mal for ma ti ons (31, 32). In our se ri es we
cho se to em ploy ESM when the se le si ons we re sub cor -
ti cally lo ca ted or had very po or bor ders from sur ro un d -
ing ner vo us tis sue, with a to tal re sec tion ra te of 100%
and no per ma nent po st o p e r a ti ve ag gra va tion.
Ne v er t he less, in tra o pe ra ti ve ESM is a pro ce du re
with a ste ep le ar n ing cur ve, if we con si der that not all
te ams us ing it con fir med its uti l ity and ad van ta ges. Its
re li a bi l ity de pends on a num ber of fac tors, which are
op e r a tor-re la ted as well as pa ti ent-re la ted. In fact, the
sen si ti v ity and spe c i fi c ity of the fun c ti o nal map ping
re li es much on the cor rect cli n i cal in di ca tion: pa ti ents
that are not able to co pe with the pro ce du re, with se ve -
re, long es ta b lis hed de f i cit or im pen d ing tem po ral lo be
her ni a tion sho uld be ex clu ded, as we did for 18 ca ses in 
our se ri es. Mo re o ver, a strict pro to col has to be em -
ployed, that sho uld be as mo re stan dar d i zed as pos si -
ble, to re du ce the fal se po si ti ves and ne g a ti ves and ex -
pe di te the pro ce du re. The ef fec ti ve cur rent thres h old
sho uld be fi xed, that de po la r i zes the area in con tact
with the sti m u la t ing elec tro des wit h o ut a spread of its
ef fect. In tra o pe ra ti ve ECoG ru les out the dis per sal of
elec tri c ity de tec t ing af ter dis char ges (11, 20), but its
uti l ity is hig her whi le per for m ing cor ti cal sti m u la tion
du r ing lan gu a ge map ping (19, 6). Con ver sely, ECoG is 
not ne c es sary whi le map ping mo tor cor tex, sin ce its
de po la r i za tion is ob ta i ned with lo wer cur rent in ten si ti -
es than lan gu a ge ar e as and cur rent dif fu sion is less fre -
qu ent. An ef fort of shor t e n ing the in tra o pe ra ti ve pro ce -
du re is war ran ted by the ne ces sity of re du c ing ar ti facts
due to pa ti ents’ fa ti gue thus re du c ing pe ri o pe ra ti ve di -
s com fort. Ac tu ally, fun c ti o nal sti m u la tion map ping
has its own li m its and draw backs: its re li a bi l ity is not
ab so lu te if 2.5% of Tay lor’s se ri es pre sen ted a per ma -
nent wor s e n ing even if ESM was ne g a ti ve and it can be 
pre j u di ced by the pa ti ent’s fa ti gue when re a l i zed in lo -
cal an es t he sia (34). The pre s en ce of pre o p e r a ti ve lan -
gu a ge and sen so ri mo tor de f i cits not re cently star ted
may re p re sent an ot her ca u se of fal se ne g a ti ves, whi le
in very young pa ti ents in com ple te myeli na tion of mo -
tor pat h ways may pre c lu de the ir iden ti fi ca tion by di -
rect elec tri cal sti m u la tion (6). We used in tra o pe ra ti ve
elec tromyograp hic re cor d ing and high in ten sity bi po -
lar cur rent pul ses (6, 33) in 21 pa ti ents pre sen t ing with
a se ve re mo tor de f i cit. With the se va lu a ble ad juncts the 
sen si ti v ity of ESM for mo tor map ping was 94.4% in
our hands, if we ex clu de from anal y sis tho se two pa ti -
ents who se AMP was not in clu ded in to the cra ni o tomy
and ta ke in to ac co unt the pa ti ent with left he mi pa re sis
af ter in tra o pe ra ti ve le sion of his py ra m i dal pat h ways.
In a ne ar fu tu re the im pro ve ment in sen si ti v ity and 
spe c i fi c ity of the tec h ni qu es of fun c ti o nal map ping
pro vi ded by emer g ing tec h no l o gi es ap plied for lo ca l i z -
ing cog ni ti ve fun c ti ons pre o p e r a ti vely and non in va si -
vely will li kely fo s ter the se tec h ni qu es to ta ke the pla ce 
of mo re in va si ve map ping met h ods. They in clu de tran -
scra nial mag ne tic sti m u la tion, mag ne to en cep ha lo -
graphy, PET, fMRI and dif fu sion-we ig hted MRI. The
ul ti ma te goal of ap ply ing pre o p e r a ti ve im a g ing tec h ni -
qu es to the sur gi cal tre at ment of le si ons in highly el o -
qu ent ar e as is to re pla ce mo re in va si ve in tra o pe ra ti ve
map ping pro ce du res, but at pre s ent the se tec h ni qu es
ha ve an in suf fi ci ent spa tial re s o lu tion, too im pre ci se to
use them as the only met hod of lo ca t ing fun c ti o nal si -
tes (35).
CON CLU SI ONS
ESM for lan gu a ge and mo tor map ping re p re sents
an ac cu ra te and re li a ble tec h ni que, which en a bles re -
sec tion of le si ons in el o qu ent brain re gi ons with sur gi -
cal per ma nent mor bi d ity com pa ra ble to that for le si ons
in non-el o qu ent ar e as. This tec h ni que is cur rently the
most pre ci se among es ta b lis hed in va si ve map ping tec -
h ni qu es and has gre atly con tri b u ted to elu ci da te the
fun c ti ons of the ner vo us sys tem. Its mo re re cent ap pli -
ca tion is to re fi ne and va l i da te pre o p e r a ti ve, non-in va -
si ve map ping met h ods, which is the aim of our gro up,
in li ne with ot h ers in vol ved in the fi eld of fun c ti o nal
brain map ping.
Ab bre vi a ti ons
ESM — elec tri cal sti m u la tion map ping
MRI — mag ne tic re s o nan ce im a g ing 
HGG — high gra de gli o ma
LGG — low gra de gli o ma 
PVC — Pro car ba zi ne, Lo mu sti ne, Vin cri sti ne che -
mot he rapy 
msec — mil li se c ond
Hz — Hertz 
EcoG — elec tro cor ti co graphy 
DO-80 — Oral de no m i na tion test 
KPS — Kar nofsky per for man ce sca le
GTR — gross to tal re mo val
SR — sub to tal re mo val 
PR — par tial re mo val
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Sig no rel li Fran ce sco,
1, 3
 Ma du ri Ro dol fo,
4
 Chir chi glia Do me ni co,
2
 Guyotat Jac qu es
3
1
 De part ment of Ex pe r i men tal and Cli n i cal Me d i ci ne, „Mag na GrF cia“ Uni ver sity, Ca tan za ro, It aly
2
 De part ment of Me d i cal and Sur gi cal Sci en ces, „Mag na GrF cia“ Uni ver sity, Ca tan za ro, It aly
3
 Ho s pi ces Ci vils de Lyon, Ser vi ce de Ne u roc hi rur gie D,
Hôpital Ne u ro lo gi que et Ne u roc hi rur gi cal Pi er re Wert he i mer, Lyon, Fran ce
4
 Cen tre Ho spi ta li er Uni ver si ta i re Va u do is, Ser vi ce de Ne u roc hi rur gie, La u san ne, Swit zer land
Uvod: Hi rur gi ja tu mo ra od go va ra ju }ih re gi ja pred -
sta vlja ve li ki iza zov, a upo tre ba elek tri~ nog kor ti ko-
-sub kor ti kal nog sti mu la ci o nog ma pi ra nja (ESM) omo -
gu }a va lo ka li za ci ju sen zo ri mo tor nih i go vor nih pod -
ru~ ja i pu te va. Na{ cilj je da se is tak nu me to do lo {ka pi -
ta nja ESM-a i nje gov uti caj na is hod pro spek tiv ne ana li -
ze dve se ri je, iz dve in sti tu ci je, sa du ` im pra }e njem 159
pa ci je na ta sa le zi ja ma od go va ra ju }ih pod ru~ ja.
Ma te ri jal i me to de: Svi pa ci jen ti ope ri sa ni zbog
le zi ja od go va ra ju }ih pod ru~ ja, iz me |u ma ja 2000. i
ma ja 2010. go di ne, na ne u ro hi rur {kom Ode lje nju ne u -
ro lo {ke i ne u ro hi rur {ke bol ni ce “P.Wert he i mer” u Li o -
nu (Fran cu ska) i ne u ro hi rur {kom Ode lje nju Uni ver zi -
tet ske bol ni ce u Ka tan za ru (Ita li ja), su pro spek tiv no
uklju ~e ni u na {u stu di ju.
Re zul ta ti: Od 159 pa ci je na ta, kod 141 je iz vr {e no 
hi rur {ko ukla nja nje le zi ja uz po mo} elek tri~ nog kor ti -
ko-sub kor ti kal nog sti mu la ci o nog ma pi ra nja in te gri sa -
nog u ci lju ot kri va nja in tra o pe ra tiv ne lo ka li za ci je ana -
tom skih obe le` ja od go va ra ju }ih pod ru~ ja.
[to se ti ~e pre o sta lih pa ci je na ta, kod 18 ESM se
ni je sma tra lo ko ri snim ili iz vo dlji vim: kod 15 pa ci je -
na ta je ura |e na bi op si ja, a kod 3 pa ci jen ta uklo njen je
tu mor pod op {tom ane ste zi jom. Kod pa ci je na ta ope ri -
sa nih uz po mo} ESM-a, bi lo je mo gu }e po sti }i kom plet -
no ukla nja nje le zi ja u 67,4% slu ~a je va (95 pa ci je na ta).
Je dan pa ci jent je pre mi nuo u ne po sred nom post-ope ra -
tiv nom pe ri o du od plu} ne em bo li je. U ukup nom pe ri o -
du pra }e nja od 62,8 me se ci, 78 pa ci je na ta su bi li ` i vi, od 
ko jih je 62 bi lo bez re ci di va uz KPS od 70% ili vi {e, dok
je kod osta lih 80 pa ci je na ta sred nje vre me pre ` i vlja va -
nja bi lo od 23.9 me se ci, sa ukup nim pe ri o dom pre ` i vlja -
va nja (KPS ≥ 70) od 21.6 me se ci.
Di sku si ja i za klju~ ci: In tra o pe ra tiv no elek tri~ no
ma pi ra nje go vor nih i mo tor nih pod ru~ ja, ka da je iz vo -
dlji vo i in di ko va no, omo gu }a va lo ka li zo va nje od go va -
ra ju }e kor ti kal ne re gi je i sub-kor ti kal nih pu te va i omo -
gu }a va po sta vlja nje gra ni ca re sek ci je tu mo ra pre ma
funk ci o nal nim ogra ni ~e nji ma, uz po vo ljan uti caj na
pre ` i vlja va nje i kva li tet ` i vo ta. In te gra ci ja ne u ro-funk -
ci o nal nih po da ta ka sa ana tom skim obe le` ji ma je i vi {e
ne go ko ri sna za ubr za va nje hi rur {ke pro ce du re i po -
bolj {a nje spe ci fi~ no sti i ose tlji vo sti funk ci o nal nog ma -
pi ra nja.
Klju~ ne re ~i: elek tri~ no sti mu la ci o no ma pi ra nje,
funk ci o nal no ma pi ra nje, hi rur gi ja u bud nom sta nju,
elo kvent na pod ru~ ja, su pra ten to ri jal ni tu mo ri, gli o mi,
obim re sek ci je.
174 Sig no rel li Fran ce sco, Ma du ri Ro dol fo, Chir chi glia Do me ni co, Guyotat Jac qu es
RE F E R EN CES
1. Uemat su S, Les ser R, Fis her RS, et al. Mo tor and sen sory
cor tex in hu mans: to po g ra phy stu d ied with chro nic sub du ral sti m -
u la tion. Ne u ro sur gery. 1992; 31(1): 59–71; di s cus sion 71–2.
2. Skir boll SS, Oje mann GA, Ber ger MS, Let tich E, Winn
HR. Fun c ti o nal Cor tex and Sub cor ti cal Whi te Mat ter Lo ca ted
wit hin Gli o mas. Ne u ro sur gery. 1996; 38(4): 678–84.
3. Wun der lich G, Kno rr U, Her zog H, Ki wit JC, Fre und
HJ, Se itz RJ. Pre cen tral gli o ma lo ca tion de ter mi nes the dis pla -
ce ment of cor ti cal hand re p re sen ta tion. Ne u ro sur gery. 1998;
42(1): 18–26; di s cus sion 26–7.
4. Bit tar RG, Oli vi er A, Sa di kot AF, An der mann F, Re u -
tens DC. Cor ti cal mo tor and so ma to sen sory re p re sen ta tion: ef -
fect of ce re bral le si ons. Jo ur nal of Ne u ro sur gery. 2000; 92(2):
242–8.
5. Duf fau H. New con cepts in sur gery of WHO gra de II
gli o mas: fun c ti o nal brain map ping, con nec ti o nism and pla s ti c -
ity: a re vi ew. J Ne u ro on col. 2006; 79(1): 77–115.
6. Sig no rel li F, Guyotat J, Schne i der F, Isnard J, Bret P.
Tec h ni cal re fi ne ments for va l i da t ing fun c ti o nal MRI-ba sed ne u -
ro na vi ga tion da ta by elec tri cal sti m u la tion du r ing cor ti cal lan -
gu a ge map ping. Mi nim In va si ve Ne u ro surg. 2003; 46(5):
265–8.
7. Pe tro vich N, Ho lodny AI, Ta bar V, et al. Di s cor dan ce
be t we en fun c ti o nal mag ne tic re s o nan ce im a g ing du r ing si lent
spe ech tasks and in tra o pe ra ti ve spe ech ar rest. Jo ur nal of Ne u ro -
sur gery. 2005; 103(2): 267–74.
8. Lehéricy S, Duf fau H, Cor nu P, et al. Cor re spon den ce
be t we en fun c ti o nal mag ne tic re s o nan ce im a g ing so ma to topy
and in di vi d ual brain ana t omy of the cen tral re gion: com pa r i son
with in tra o pe ra ti ve sti m u la tion in pa ti ents with brain tu mors. Jo -
ur nal of Ne u ro sur gery. 2000; 92(4): 589–98.
9. Liége o is F, Con nelly A, Sal mond CH, Ga dian DG,
Varg ha-Kha dem F, Bal de weg T. A di rect test for la te ra li za tion of 
lan gu a ge ac ti va tion us ing fMRI: com pa r i son with in va si ve as -
ses s ments in chil dren with ep i lepsy. Ne u ro i ma ge. 2002; 17(4):
1861–7.
Cor re spon den ce to/Autor za ko re spon den ci ju
Fran ce sco Sig no rel li, MD
In sti tu ti o nal ad dress: 
Ser vi ce de Ne u roc hi rur gie D, Hô pi tal Ne u ro lo gi que et Ne u roc hi rur gi cal Pi er re Wert he i mer, 
59 Bo u le vard Pi nel, BP Lyon-Mon chat, 69394 LYON Ce dex 03, 
Fran ce
Fax : +33 4 72357844
Email: sig no rel li2007ªgmail.com
TU MOR SUR GERY WIT HIN CE RE BRAL EL O QU ENT AR E AS: A TWO-IN STI TU TI ONS EX PE RI EN CE 175
10. Ca lan cie B, Nor din M, Wal lin U, Hag barth KE, Mo -
tor-unit re spon ses in hu man wrist fle xor and ex ten sor mu s cles to 
tran scra nial cor ti cal sti m u li. Jo ur nal of Ne u rophysi o logy. 1987;
58(5): 1168–85.
11. Sig no rel li F, Rug ge ri F, Iofri da G, et al. In di ca ti ons and 
li m its of in tra o pe ra ti ve cor ti co-sub cor ti cal map ping in brain tu -
mor sur gery: an anal y sis of 101 con se c u ti ve ca ses. J Ne u ro surg
Sci. 2007; 51(3): 113–27.
12. Ke les GE, Lun din DA, Lam born KR, Chang EF, Ber -
ger MS, In tra o pe ra ti ve sub cor ti cal sti m u la tion map ping for he -
mi sp he ric pe ri ro lan dic gli o mas lo ca ted wit hin or ad ja cent to the
de scen d ing mo tor pat h ways: eva l u a tion of mor bi d ity and as ses -
s ment of fun c ti o nal out co me in 294 pa ti ents. Jo ur nal of Ne u ro -
sur gery Pu b lis h ing Gro up. 2009; 100(3): 369–75.
13. Duf fau H. Re co v ery from com ple te he mi ple gia fol lo -
w ing re sec tion of a re tro cen tral me ta s ta sis: the prog no s tic va lue
of in tra o pe ra ti ve cor ti cal sti m u la tion. Jo ur nal of Ne u ro sur gery.
2001; 95(6): 1050–2.
14. Yin gling CD, Oje mann S, Dod son B, Har ring ton MJ,
Ber ger MS.Iden ti fi ca tion of mo tor pat h ways du r ing tu mor sur -
gery fa ci l i ta ted by mul ti c han nel elec tromyograp hic re cor d ing.
Jo ur nal of Ne u ro sur gery Pu b lis h ing Gro up; 2009 May 13;
91(6): 922–7.
15. Lo u is DN, Oh ga ki H, Wi e stler OD, Ca ve nee WK, Bur -
ger PC, Jo u vet A, et al. The 2007 WHO Clas si fi ca tion of Tu mo -
urs of the Cen tral Ner vo us Sys tem. Ac ta Ne u ro pat hol. 2007;
114(2): 97–109.
16. Scer ra ti M, Ro sel li R, Iaco an ge li M, Pom puc ci A, Ros -
si GF. Prog no s tic fac tors in low gra de (WHO gra de II) gli o mas
of the ce re bral he mi sp he res: the ro le of sur gery. J Ne u rol Ne u ro -
surg Psychi a tr. 1996; 61(3): 291–6.
17. Ke les GE, An der son B, Ber ger MS. The ef fect of ex -
tent of re sec tion on ti me to tu mor pro gres sion and sur vi val in pa -
ti ents with gli o bla sto ma mul ti for me of the ce re bral he mi sp he re.
Surg Ne u rol. 1999; 52(4): 371–9.
18. Ber ger MS, De li ga nis AV, Dob bins J, Ke les GE. The ef -
fect of ex tent of re sec tion on re cur ren ce in pa ti ents with low gra de 
ce re bral he mi sp he re gli o mas. Can cer. 1994; 74(6): 1784–91.
19. Ber ger MS, Ro sto mily RC. Low gra de gli o mas: Fun c -
ti o nal map ping re sec tion stra t e gi es, ex tent of re sec tion, and out -
co me. J Ne u ro on col. 1997; 34(1): 85–101.
20. Sa nai N, Ber ger MS. Gli o ma ex tent of re sec tion and its 
im pact on pa ti ent out co me. Ne u ro sur gery. 2008; 62(4): 753–64.
21. Ka ma da K, Sa wa mu ra Y, Ta ke uc hi F, et al. Ex pres si ve
and re cep ti ve lan gu a ge ar e as de ter mi ned by a non in va si ve re li a -
ble met hod us ing fun c ti o nal mag ne tic re s o nan ce im a g ing and
mag ne to en cep ha lo graphy. Ne u ro sur gery. 2007; 60(2): 296–306.
22. Duf fau H, Ca pel le L, Den vil D, et al. Use ful ness of in -
tra o pe ra ti ve elec tri cal sub cor ti cal map ping du r ing sur gery for
low-gra de gli o mas lo ca ted wit hin el o qu ent brain re gi ons: fun c -
ti o nal re sults in a con se c u ti ve se ri es of 103 pa ti ents. Jo ur nal of
Ne u ro sur gery. 2003; 98(4): 764–78.
23. Duf fau H, Lo pes M, Art hu is F, et al. Con tri bu tion of in -
tra o pe ra ti ve elec tri cal sti m u la ti ons in sur gery of low gra de gli o -
mas: a com pa r a ti ve study be t we en two se ri es wit h o ut (1985-96)
and with (1996-2003) fun c ti o nal map ping in the sa me in sti tu -
tion. J Ne u rol Ne u ro surg Psychi a tr. 2005; 76(6): 845–51.
24. Bel lo L, Gal luc ci M, Fa va M, et al. In tra o pe ra ti ve sub -
cor ti cal lan gu a ge tract map ping gu i des sur gi cal re mo val of gli o -
mas in vol v ing spe ech ar e as. Ne u ro sur gery. 2007; 60(1): 67–82.
25. Ber ger MS, Ha dji pa nayis CG. Sur gery of in trin sic ce -
re bral tu mors. Ne u ro sur gery. 2007; 61(1 Suppl): 279–304; di s -
cus sion 304–5.
26. Duf fau H, Peggy Ga tig nol ST, Man don net E, Ca pel le
L, Ta il lan di er L. In tra o pe ra ti ve sub cor ti cal sti m u la tion map ping 
of lan gu a ge pat h ways in a con se c u ti ve se ri es of 115 pa ti ents
with Gra de II gli o ma in the left do m i nant he mi sp he re. Jo ur nal of 
Ne u ro sur gery. 2008; 109(3): 461–71.
27. Szelényi A, Bel lo L, Duf fau H, et al. In tra o pe ra ti ve
elec tri cal sti m u la tion in awa ke cra ni o tomy: met h o d o lo g i cal as -
pects of cur rent prac ti ce. Ame r i can As so ci a tion of Ne u ro lo g i cal 
Sur ge ons; 2010; 28(2):E7.
28. Stum mer W, Re u len H-J, Me i nel T, et al. Ex tent of re -
sec tion and sur vi val in gli o bla sto ma mul ti for me: iden ti fi ca tion
of and ad just ment for bi as. Ne u ro sur gery. 2008; 62(3): 564–76;
di s cus sion 564–76.
29. van Ve e len ML, Ave za at CJ, Kros JM, van Put ten W,
Vecht C. Su pra ten to rial low gra de astrocyto ma: prog no s tic fac -
tors, de dif fe ren ti a tion, and the is sue of early ver sus la te sur gery.
J Ne u rol Ne u ro surg Psychi a tr. 1998; 64(5): 581–7.
30. Chang EF, Potts MB, Ke les GE, et al. Se i zu re cha r ac te r i s -
tics and con trol fol lo w ing re sec tion in 332 pa ti ents with low-gra de
gli o mas. Jo ur nal of Ne u ro sur gery. 2008; 108(2): 227–35.
31. Biz zi A, Bla si V, Fa li ni A, et al. Pre sur gi cal fun c ti o nal
MR im a g ing of lan gu a ge and mo tor fun c ti ons: va l i da tion with
in tra o pe ra ti ve elec tro cor ti cal map ping. Ra di o l ogy. 2008;
248(2): 579–89.
32. Bur chiel KJ, Clar ke H, Oje mann GA, Da cey RG, Winn 
HR. Use of sti m u la tion map ping and cor ti co graphy in the ex ci -
si on of ar te ri o ve no us mal for ma ti ons in sen so ri mo tor and lan gu -
a ge-re la ted neo cor tex. Ne u ro sur gery. 1989; 24(3): 322–7.
33. Yin gling CD, Oje mann S, Dod son B, Har ring ton MJ,
Ber ger MS. Iden ti fi ca tion of mo tor pat h ways du r ing tu mor sur -
gery fa ci l i ta ted by mul ti c han nel elec tromyograp hic re cor d ing.
Jo ur nal of Ne u ro sur gery Pu b lis h ing Gro up. 2009; 91(6): 922–7.
34. Tay lor MD, Bern stein M. Awa ke cra ni o tomy with
brain map ping as the ro u ti ne sur gi cal ap pro ach to tre a t ing pa ti -
ents with su pra ten to rial in tra a xi al tu mors: a pro spec ti ve trial of
200 ca ses. Jo ur nal of Ne u ro sur gery. 1999; 90(1): 35–41.
35. Ro ux F-E, Bo u la no u ar K, Lot te rie J-A, Mej do u bi M,
Le Sa ge JP, Be rry I. Lan gu a ge fun c ti o nal mag ne tic re s o nan ce
im a g ing in pre o p e r a ti ve as ses s ment of lan gu a ge ar e as: cor re la -
tion with di rect cor ti cal sti m u la tion. Ne u ro sur gery. 2003; 52(6):
1335–45; di s cus sion 1345–7.
